The phenolic content and composition in leaves of Trifolium pratense (red clover) and T. pratense subsp. nivale (snow clover) grown in Italy were evaluated by means of ultraperformance liquid chromatography (UPLC) coupled with photodiode array and mass spectrometry detectors. Compound identification was based on UV and MS data comparing results with those of reference compounds. Quantitative evaluation of all detected compounds was based on calibration curves obtained with available standards. Several phenolics were identified in both extracts, including clovamide, flavonols and isoflavones as their glycosilated and malonated derivatives. The total phenolic content was higher in red clover (53.7 ± 2.2 mg/g dry weight) than in snow clover (44.4 ± 4.9 mg/g dry weight). Red clover contained higher amounts of clovamide and isoflavones (15.6 ± 0.6 and 24.6 ± 1.6 mg/g dry weight, respectively) than snow clover (8.2 ± 0.1 mg/g and 16.9 ± 0.4 mg/g dry weight, respectively), while flavonols were quantified almost in the same amount in both extracts (13.2 ± 0.6 mg/g and 15.8 ± 0.6 mg/g dry weight in red clover and snow clover, respectively). Red clover was characterized by the presence of quercetin, formononetin and biochanin A derivatives as the most abundant flavonoids, whereas snow clover was characterized by higher amounts of quercetin and prunetin derivatives. This investigation, conducted for the first time on phenolics from T. pratense subsp. nivale, revealed the presence in this plant of several flavonoid derivatives the same as in T. pratense. The higher amount of prunetin in snow clover suggest a possible role of this isoflavone as a chemotaxonomic marker for this subspecies. Moreover, snow clover may represent an interesting new source of natural isoflavones with a different concentration pattern than in red clover.
Flavonoids are very common and widespread secondary plant metabolites known for their wide range of biological and physiological properties [1] . They play an important role in plants as defense and signaling compounds in reproduction, pathogenesis and symbiosis [2] . Plant flavonoids are involved in response mechanisms against stresses, infection by microorganisms, herbivore attack, as well as in interactions with insects [3] . These plant constituents have also been reported as chemotaxonomic marker compounds [4] . They may affect human and animal health through their role in the diet, due to their antioxidant effects and a wide range of antimicrobial and pharmacological properties [5] . Among flavonoids, the subclass of isoflavones also exhibits estrogenic activity and represents the main group of natural phytoestrogens of current interest in clinical nutrition [6] . Isoflavone constituents play an important role in cancer prevention, in moderation of menopausal symptoms and have other health effects [7] . Isoflavones have very limited distribution in the plant kingdom with sizeable quantities being found only in legume species [8] .
Red clover (T. pratense L.) is one of the plant source of isoflavones together with soybean (Glycine max L.). This is a biennial forage plant and represents one of the most important feeding materials in meadows and pastures for sheep and cattle. Red clover has also been used as a medicinal herb for the treatment of asthma, bronchitis, coughs, athlete's foot, eczema and psoriasis [9] . Red clover isoflavone extracts are commercially available as nutraceuticals, medicinal products and dietary supplements for long-term use as a phytoestrogen source and "natural" form of hormone replacement therapy [10]. T. pratense subsp nivale (snow clover) is an herbaceous plant commonly found in the sub-Alpine and Alpine zone of central and southern Europe, especially on sunny slopes, with a preference for moist loams with slightly acid to neutral reaction [11] . This subspecies is considered an important germplasm source in recent approaches aimed at restoration of degraded mountain landscapes (e.g. ski slopes) in which it is recommended to sow seed mixtures including 'site specific' species, i.e. native germplasm adapted to the prevailing conditions and ecologically compatible with the area of intervention [12] . The taxonomy of T. pratense subsp. nivale is still controversial, as the T. pratense group is highly polymorphic [13] . Many authors consider it as a simple variety of T. pratense [14] , possibly with some traits acquired from T. noricum Wulfen, while others identify it as a proper subspecies, often denominated as T. pratense L. frigidum Auct. and Gaudin or T. pratense L. alpinum Auct. and Hoppe [13, 15] .
The aims of the present investigation were: i) to evaluate the phenolic content and composition in leaves of T. pratense collected in Italy; ii) to compare its phenolic profile with that of T. pratense subsp. nivale; iii) to assess the potential value of these plant species as a source of biologically active compounds; and iv) to elucidate the possible role of flavonoids as chemotaxonomical markers. Phenolic content and composition of snow clover were never previously investigated. Table 1 ).
The UPLC profile of phenolics from leaves of T. pratense and T. pratense subsp. nivale is shown in Figure 1 . Several compounds were detected that are well baseline separated under the chromatographic conditions used for UPLC analyses (see experimental Figure 2 . Based on UV absorption characteristics [16] , some additional phenolic acids have also been detected in low amount in the extracts but not further identified nor considered in the present investigation.
Quantitative determination of all identified compounds was carried out by the external standard method with calibration curves obtained by available standards (see Experimental). Results are reported in Table 1 as means of three independent extractions ± standard deviation. As reported in the Table, the total phenolic content in red clover and snow clover was 53.6 ± 2.2 mg/g dry weight and 44.3 ± 4.9 mg/g dry weight, respectively. Red clover contained higher amounts of clovamide and isoflavones (15.6 ± 0.6 and 24.5 ± 1.6 mg/g dry weight, respectively) than snow clover (8.2 ± 0.1 mg/g and 16.8 ± 0.4 mg/g dry weight, respectively), while flavonols were quantified almost in the same amount in both extracts (13.2 ± 0.6 mg/g and 15.8 ± 0.6 mg/g dry weight in red clover and snow clover, respectively). Red clover was characterized by the presence of quercetin, formononetin and biochanin A derivatives as the most abundant flavonoids, that represented 15.7%, 20.4% and 28.4% of the total extract, respectively, while snow clover was characterized by higher amounts of quercetin and prunetin derivatives quantified as 25.4% and 27.7% of the total extract, respectively.
The quantitative data here reported for red clover are in agreement with those available from the literature. Comparable amounts of total phenolics to the present investigation were reported by several authors [16b, 18f] , with higher content of isoflavones than flavonols. Literature data reported the major components to be biochanin A-7-O-glucoside-6"-O-malonate, formononetin-7-Oglucoside-6"-O-malonate and quercetin-3-O-glucoside-6"-Omalonate in a concentration range of 3.3-11.9, 4.9-7.9 and 3.4-6.7 mg/g dry weight, respectively, depending on the growing conditions Phenolics from Trifolium pratense and T. pratense subsp nivale Natural Product Communications Vol. 10 (6) 2015 935 [18f]. The same compounds were detected as the most abundant constituents in the present red clover leaf sample, with similar concentrations (Table 1) . By contrast, clovamide was quantified in higher amount in this investigation compared with other red clover samples (reported as 0.5-4.3 mg/g dry weight [16b, 18f]), whereas phaselic acid was not detected here although this compound can be found as one of the most abundant constituents of red clover extracts [10a, 18f] . Finally, considering the aglycone moieties that were often quantified by several authors as directly related to the bioavailability, the two most abundant compounds formononetin and biochanin A were here quantified as 4.5 mg/g dry weight (as formononetin equivalent), and 6.5 mg/g dry weight (as biochanin A equivalent), respectively, in agreement with quantitative data found in the literature [18d, 19] .
A different phenolic profile was instead found for snow clover compared with red clover extract (Figure 1 and Table1). Beside quercetin derivatives detected in almost the same amount in both extracts, prunetin derivatives were higher in snow clover than in red clover (Table 1) , as previously mentioned. This aglycone was indeed quantified as 4.8 mg/g dry weight and 0.4 mg/g dry weight (as prunetin equivalent) in the two clover samples under investigation. Data from the literature reported prunetin at most as a minor isoflavone constituent of Trifolium spp. [19c, 20] . The presence of prunetin derivatives in higher amount in snow clover than in red clover may suggest a possible role of this isoflavone as a chemotaxonomic marker for this subspecies.
This investigation, conducted for the first time on phenolics from T. pratense subsp. nivale, revealed the presence in this plant of several flavonoid derivatives the same as in T. pratense. In particular, the presence of prunetin can be of particular interest for different purposes. Prunetin is reported to be a biologically active isoflavone and its effects have been recently investigated [21] . For this, snow clover can represent an interesting new source of natural isoflavones with a different pattern of concentration to be employed in relation to their specific effects.
Experimental
Plant material: T. pratense L. and T. pratense L. subsp. nivale (Koch) Arcang. were spring sown and grown in an open field at CRA-FLC Lodi. The former was represented by a natural population collected from a permanent meadow of the test site at Lodi, Italy, while the latter was represented by a natural population collected from a grassland in the Chiavenna Valley of the Rhaetian Alps, Lombardy, Italy. Plants were harvested at the flowering stage. Leaves were freeze-dried, finely powdered, defatted with chloroform in a Soxhlet apparatus and used for the successive extractions.
Extraction and purification of phenolic compounds: The defatted plant material (100 mg) was extracted with 10 mL of 80% MeOH at 50°C using an automated accelerated solvent extractor, ASE 200 (Dionex, Sunnyvale, CA) at a working pressure of 1500 psi. Extracts were evaporated to dryness under reduced pressure at 40°C, redissolved in 5 mL of Milli-Q water (Millipore Corp., Billerica, MA) and purified by using a Sep-Pak C18 Classic (360 mg, 55-105 m) cartridge (Waters Associates, Milford, MA) preconditioned with water. The cartridge was washed first with water (5 mL) to remove sugars and then with 80% MeOH (5 mL) to elute phenolics. Extracts were evaporated to dryness under reduced pressure at 40°C, redissolved in 2 mL of 80% MeOH and then used for analysis. Three independent extraction and purification procedures were performed on each sample and the extracts were properly diluted before analysis.
LC-ESI-MS analysis:
A Waters ACQUITY UPLC system equipped with a binary pump system, sample manager, column manager, PDA detector (Waters Corp.) and coupled to a Waters ACQUITY TQD (tandem quadrupole mass detector) with an electrospray ionization (ESI) source was used. All data were acquired and processed using Waters For MS detection, positive and negative ESI were used as ionization modes. Nitrogen was used as the desolvation and cone gas with flow rates of 800 and 80 L/h, respectively. Argon was used as the collision gas at a flow rate of 2 mL/min. The optimal MS parameters were as follows: capillary 2.8 kV; extractor and radiofrequency voltage fixed at 3.0 and 0.1 V, respectively; source and desolvation temperatures 140 and 350°C, respectively.
Identification and quantification:
Identification of phenolic compounds was achieved by comparing their retention times, UV and MS with those of standard compounds, as well as with previously identified phenolic constituents of Trifolium spp. reported in the literature [16] [17] [18] . Individual components were quantified against reference standards at 260 nm. Hyperoside, isoquercitrin, genistin, ononin, sissotrin, genistein, biochanin A and formononetin were from Sigma-Aldrich. Concentrations of glycoside malonates were calculated using the standard curves of the corresponding glycosides. Concentrations of isoflavonoids without standards were calculated using the standard curves of ononin, while the concentration of other flavonols was calculated using the calibration curves of isoquercitrin. Chlorogenic acid from Sigma-Aldrich was used to quantify clovamide. For calibration curves all standards were injected in triplicate in the range from 4.5 to 300 ng injection. All samples were extracted in triplicate and results were reported in Table 1 as mean of 3 independent analyses ± standard deviation.
